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technology? 
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TI Can ***glutamine*** ***synthetase*** activity levels be modulated 
in ***transgenic*** ***plants*** by the use of recombinant DNA 
technology? 
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DT Journal 
LA English 

AB Cytosolic ***glutamine*** ***synthetase*** (GS1) regulation and 
function were studied by altering GS levels by either overexpressing GS1 
genes or down-regulating GS1 gene expression by ***antisense*** RNA 
technol. in alfalfa and Lotus japonicus. GS1 in alfalfa is encoded by a 
multigene family and all members appear to be constitutively expressed. 
Increased GS1 subunit levels in L. japonicus transformants were 
accompanied by increased GS activity. However, no significant redn. in 
GS1 levels was obsd. in alfalfa and L. japonicus transformants with a 
full-length alfalfa GS1 cDNA in ***antisense*** orientation behind the 
CaMV 35S promoter. An ***antisense*** construct with a GS1 
gene-specific region behind the CaMV 35 S promoter down-regulated a 
subclass of GS1 genes in alfalfa transformants. GS1 subunit concn. could 
be modulated in alfalfa by driving an alfalfa GS1 coding sequence in sense 
and ***antisense*** orientation behind an organ/tissue-specific 
promoter. Overall, the results suggest that modulation of GS1 gene 
expression in these organisms does have physiol. repercussions. 
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AB A reproducible system for the prepn. of stable, genetically transformed 
maize cells, and methods of selecting cells that have been transformed are 
described. One method of selection uses the Streptomyces bar gene 
introduced by microprojectile bombardment into embryonic maize cells that 
are then grown in suspension cultures, followed by exposure to the 
herbicide bialaphos. Methods of achieving stable transformation include 
tissue culture methods and media, methods for the bombardment of recipient 
cells with transforming DNA, and methods of growing fertile ***plants*** 
from the transformed cells are described. The invention also relates to 



the transformed cells and seeds and to the fertile ***plants* 
from the transformed cells and to their pollen. 
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AB The authors have transformed tobacco to overexpress cytosolic 
***glutamine*** ***synthetase*** and glutamate synthase 
***antisense*** RNA, Physiol, and moL biol. aspects of ammonium 
assimilation by ***plants*** are discussed. 
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AB The knowledge of the mol. controls of N assimilation was increased by the 
use of nonleguminous and leguminous ***plants*** with genetically 
altered capacities for ammonia assimilation. Using tobacco or Lotus as 
model ***plants*** , ***glutamine*** ***synthetase*** (GS)and 
glutamate synthase (GOGAT) activities were altered by stimulating or 
inhibiting in an organ- or tissue-specific manner the expression of the 
corresponding genes. In a few selected examples, the physiol. impact of 
these genetic manipulations was studied on ***plants*** grown under 
different N regimes. The use of such genetically-modified ***plants*** 
will allow better understanding of the mol. control of this metabolic 
pathway. It is also potentially of great importance in agriculture if 
such internal and stable modifications are beneficial in terms of N use 
efficiency, thus avoiding an excessive utilization of fertilizers or 
herbicides (GS inhibitors). 
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AB ***Glutamine*** ***synthetase*** (GS) catalyzes the ATP-dependent 
condensation of NH3 with glutamate to produce glutamine. In ***plants*** 
GS is an octameric enzyme and is located either in the cytoplasm (GS1) or 
in the chloroplast (GS2). Two distinct classes of GS1 genes with unique 
3 '-untranslated region (3'UTR) have been identified in alfalfa. We have 
demonstrated that the two classes exhibit differential expression pattern 
in the different ***plant*** organs suggesting different functional 



roles for the different isozymes. To determine the functional significance 
of the two classes of GS1 genes in alfalfa, we have utilized 

***antisense*** gene constructs aimed specifically at the 3'UTR of the 
two GS1 genes and introduced them individually into alfalfa. Our data show 
that the gene constructs are effective in lowering the corresponding 
transcript level very effectively though there were organ-specific 
differences in the level of reduction. No transcript corresponding to the 

***antisense*** gene construct was detected in any of the alfalfa 
transformants though they accumulated to significant levels in 

***transgenic*** tobacco containing the same construct. This suggests 
that the ***antisense*** transcript was not stable in the presence of 
the homologous target sequence. ** Transgenic*** alfalfa with up to 
80% reduction in the transcript level corresponding to each gene class, 
however, showed no reduction in GS activity or GS1 polypeptide level. The 
results suggest that GS1 mRNA levels are not rate-limiting for GS1 
polypeptide synthesis and that GS levels are controlled both at the 
transcriptional and translational/post-translational level. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
AB ***Antisense*** constructs of MsLECl and MsLEC2 (two of the three 

lectin genes found in alfalfa) have been introduced by 

Agrobacterium-mediated transformation into alfalfa cv. Regen. The 

resulting MsLECl AS and MsLEC2AS primary ***transgenic*** lines were 

kanamycin-resistant and contained DNA that hybridized to nptll. In 

addition, Southern analysis demonstrated that some of the lectin 

gene-hybridizing bands were the same molecular weight as bands hybridizing 

to the nptll probe, indicating intact integration of the transgenes. 

Following self-pollination, we observed that pod and seed production, as 

well as viability of seeds from the self ed ***plants*** , were lower 

for the ***antisense*** lectin-expressing ***plants*** than for 

the controls. Seedlings derived from self ed ***antisense*** 
***transgenic*** lines were also resistant to kanamycin, indicating that 

the transgenes were heritable.: Moreover, the T2 seedlings exhibited a 

number of severe developmental abnormalities that had been previously 

observed in Tl plantlets of comparable developmental age. These results 



indicate that T2 ***antisense*** alfalfa lines are stably transformed 

and furthermore, that MsLECl and MsLEC2 are important for the early stages 

of alfalfa development. 
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AB A gene for a microbial ammonium-dependent asparagine synthetase is 
expressed in transgenic plants. Expression of the gene makes the plants 
more tolerant of herbicides that inhibit ***glutamine*** 

***synthetase*** . The asnA gene of Escherichia coli was placed under 
the control of the promoter of the gene for the small subunit of 
ribulose-bis-phosphate carboxylase and introduced into tobacco leaf disks 
by Agrobacterium. Phosphinothricin-resistant plants were selected and 
selfed to show segregation of a single gene for phosphinothricin 
resistance. Plants carrying the asnA gene accumulated ammonia more slowly 
than control plants in 48 h after spraying with phosphinothricin at 1 
kg/ha. Transgenic plants grew somewhat faster than controls (120%) and 
growth was accelerated by the application of low levels of 
phosphinothricin (.apprx.180%). 
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♦ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
AB Nitrogen assimilation is a vital process controlling plant growth and 

development. Inorganic nitrogen is assimilated into the amino acids 

glutamine, glutamate, asparagine, and aspartate, which serve as important 

nitrogen carriers in plants. The enzymes ***glutamine*** 
"""♦synthetase*** (GS), glutamate synthase (GOGAT), glutamate 

dehydrogenase (GDH), aspartate aminotransferase (AspAT), and asparagine 

synthetase (AS) are responsible for the biosynthesis of these 

nitrogen-carrying amino acids. Biochemical studies have revealed the 

existence of multiple isoenzymes for each of these enzymes. Recent 

molecular analyses demonstrate that each enzyme is encoded by a gene 

family wherein individual members encode distinct isoenzymes that are 

differentially regulated by environmental stimuli, metabolic control, 

developmental control, and tissue/cell-type specificity. We review the 

recent progress in using molecular-genetic approaches to delineate the 

regulatory mechanisms controlling nitrogen assimilation into amino acids 

and to define the physiological role of each isoenzyme involved in this 

metabolic pathway. 
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Forcing expression of a soybean root glutamine synthetase gene 
in tobacco leaves induces a native gene encoding cytosolic 
enzyme. 

Hirel B, Marsolier MC, Hoarau A, Hoarau J, Brangeon J, Schafer R, 
Verma DP. 

Laboratoire du Metabolisme et de la Nutrition des Plantes, C.N.R.A., 
Versailles, France. 

Glutamine synthetase (GS; EC 6.3.1.2) is present in different subcellular 
compartments in plants. It is located in the cytoplasm in root and root nodules 
while generally present in the chloroplasts in leaves. The expression of GS 
gene(s) is enhanced in root nodules and in soybean roots treated with 
ammonia. We have isolated four genes encoding subunits of cytosolic GS from 
soybean (Glycine max L. cv. Prize). Promoter analysis of one of these genes 
(GS15) showed that it is expressed in a root-specific manner in transgenic 
tobacco and Lotus corniculatus, but is induced by ammonia only in the legume 
background. Making the GS15 gene expression constitutive by fusion with the 
CaMV-35S promoter led to the expression of GS in the leaves of transgenic 
tobacco plants. The soybean GS was functional and was located in the 
cytoplasm in tobacco leaves where this enzyme is not normally present. 
Forcing this change in the location of GS caused concomitant induction of the 
mRNA for a native cytosolic GS in the leaves of transgenic tobacco. Shifting 
the subcellular location of GS in transgenic plants apparently altered the 
nitrogen metabolism and forced the induction in leaves of a native GS gene 
encoding a cytosolic enzyme. The latter is normally expressed only in the root 
tissue of tobacco. This phenomenon may suggest a hitherto uncharacterized 
metabolic control on the expression of certain genes in plants. 
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Ammonia-regulated expression of a soybean gene encoding 
PubMed Services cytosolic glutamine synthetase in transgenic Lotus corniculatus. 

Miao GH, Hirel B, Marsolier MC, Ridge RW, Verma DP. 

Department of Molecular Genetics and Biotechnology Center, Ohio State 
University, Columbus 43210. 

A full-length cDNA clone encoding cytosolic glutamine synthetase (GS), 
expressed in roots and root nodules of soybean, was isolated by direct 
Related Resources complementation of an Escherichia coli gin A- mutant. This sequence is 

induced in roots by the availability of ammonia. A 3.5-kilobase promoter 
fragment of a genomic clone (lambda GS15) corresponding to this cDNA was 
isolated and fused with a reporter [beta-glucuronidase (GUS)] gene. The 
GS-GUS fusion was introduced into a legume (Lotus corniculatus) and a 
nonlegume (tobacco) plant by way of Agrobacterium-mediated 
transformations. This chimeric gene was found to be expressed in a 
root-specific manner in both tobacco and L. corniculatus, the expression being 
restricted to the growing root apices and the vascular bundles of the mature 
root. Treatment with ammonia increased the expression of this chimeric gene 
in the legume background (i.e., L. corniculatus); however, no induction was 
observed in tobacco roots. Histochemical localization of GUS activity in 
ammonia-treated transgenic L. corniculatus roots showed a uniform 
distribution across all cell types. These data suggest that the tissue specificity 
of the soybean cytosolic GS gene is conserved in both tobacco and L. 
corniculatus; however, in the latter case, this gene is ammonia inducible. 
Furthermore, the ammonia-enhanced GS gene expression in L. corniculatus is 
due to an increase in transcription. That this gene is directly regulated by 
externally supplied or symbiotically fixed nitrogen is also evident from the 
expression of GS-GUS in the infection zone, including the uninfected cells, 
and the inner cortex of transgenic L. corniculatus nodules, where a flux of 
ammonia is encountered by this tissue. The lack of expression of GS-GUS in 
the outer cortex of the nodules suggests that ammonia may not be able to 
diffuse outside the endodermis. 



PMID: 1688099 [PubMed - indexed for MEDLINE] 



1 of 2 



11/11/01 10:24 AM 



